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(54) Two-part self-adhering dental compositions 

(57) A shelf-stable two-part self-adhering dental composition and method. The composition comprises 

(a). at least one acidic compound containing at least one acidic moiety selected from the group consisting of 



-COOH; 




■:t* 



-OR. 



CD 
CO 



a. 

LU 



whore R is an alkyl or aryl group; 

(b) at least one polymerizable monomer without any acidic group where the polymerizable group is selected from 
the group consisting of an acrylate, a methacrylate and a vinyl group; 

(c) a substituted thiourea selected from the group consisting of 1 -(2-pyridyl)-2-thiourea and 1 -(2-tetrahydrofurf uryl)- 
2-thiourea; and 

(d) a hydroperoxide compound with at least one hydroperoxide group attached to a tertiary carbon. The first and 
second parts are then mixed immediately prior to application, applied to a dental substrate, and hardened. The 
bond strength of the mixed composition to dentine substrate is at least 3 MPa. The composition has excellent 
shelf-life and is self-adhering to various dental substrates such as a tooth, metal alloy and porcelain. It can be 
used as a filling material, a cement, a liner/base, a pit/fissure sealant, a primer or an adhesive. 
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Description 

of using the composition. . rgti _ _ Qnnh as an in | av onlay, or crown to a tooth 

(00021 The daOilioha! procedure lor bonding an mdrraot restoralron, such as » * elch .„, 10 

Lcure Is rarher chrab.rsrxrre. Fins, the c.doo. H ^ » -^^^^r o< - «**■ »*»■ ™ 

Mojo or s.«-oah„g sod p ho,o-cadng by u.mg a P^'^J™^™^,"^^ wcaoe. it is ratal lor 
curing. • kw ..cinn a self-etchinq primer, eliminating the etch step, and thus 

cementation would be involved. combining the ingredients necessary to fulfill the functions 

[0006] Great difficulties, however, are encountered ^ ~™^ 9 ™ usfi 9 d as an etcnant or an etching primer, but 
of etching, priming, and cementing. For examp.e, acidic cW™* are used envjronments . T he self- 

the self-cure initiator commonly used m a resin «^ " ^J^SS^J of a resin cement comprises benzoyl 
cure initiator system currently used by moj man a* ^J^^S^n. First, the aromatic tertiary amine 
peroxide and an aromatic ternary amine. Two problems mm use y ^ fe nQt ye|y 

ioses its effectiveness immediately upon contact with a m0 *J^^^^^ sne |f-Hfe As a result, when 
stable in acidic environments, quickly loses its because the redox initiators 

30 r,::^^ — or — these dMies is 

SS?" The invention is a self-adhesive, shelf-stable, two-part dental composition containing the fol.owing compo- 
nents: 

(a) at least one acidic compound containing at least one acidic moiety selected from the group consisting of 

-COOH ; ; -SO3H ; -SC 2 H . I-OH . 4-OR 
C ' OH OH 




S anllLt "eXe^aKmonomer without any acidic group where the polymer izable group is selected from 
the group consisting of an acry.ate, a ™f 

(c) a substituted thiourea selected from the group consisting 01 ^ \* pynay 

S a°bTdrope"ox«. aerapouad with a. ieas, one hydroperoxide group aoaah.d to a IrO, o.rbon. 

poo,, The oombioa.oa „, a substautad Wm* ^l^SET. S5 

Uourea, and a hydrepenoxide oataiye. rrth the '""X * » pXu oontaining tha »bo»a 
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very well initially, but also continues to set effectively after both parts have been stored for an extended period of time. 
This results in simplified restorative procedures and significant time savings when the composition is used to bond to 
dental substrates such as dentine, enamel, dental alloys and porcelain, because etching and/or priming of the substrate 
is unnecessary. This self-adhering dental composition can be used as a dental restorative composition such as a dental 
filling material, cement, finer/base, pit/fissure sealant, primer or adhesive. The composition can also be used as an 
orthodontic composition or an endodontic composition. The composition may also contain one or more finery divided 
filler(s), a photo-initiator, a stabilizer, and/or a solvent. 

[0010] One part of the composition contains the substituted thiourea and the other part of the composition contains 
the hydroperoxide compound. If the thiourea is encapsulated, using encapsulation methods known to one skilled in 
the art. for example water soluble or water insoluble encapsulants depending upon the particular components, the 
same part may contain both the encapsulated thiourea and the hydroperoxide compound. The two parts of composition 
may both be a paste (a paste/paste two-part composition), or may both be a liquid (a liquid/liquid two-part composition), 
or one part may be a powder and the other part may be a liquid (a powder/liquid two-part composition). 
[0011] In use, the two parts are preferably mixed immediately prior to application, and the mixed composition is then 
applied to a dental substrate. It is hardened by either self-curing, or combined self -curing and photo-curing. 
[0012] In one embodiment the composition is a two-part paste/paste. The first paste contains at least one polymer- 
izable monomer with a polymerizable group selected from the group consisting of an acrylate, a methacrylate and a 
vinyl group; a substituted thiourea selected from the group consisting of 1 -(2-pyridyl)-2-thiourea and 1 -(2-tetrahydro- 
furfuryl)-2-thiourea; and a finely divided filler. The second paste. contains at least one acidic compound containing at 
least one acidic moiety selected from the group consisting of 

J? o o p o 



go o o 

-P— OH . -P — OR . — O— P — OH . -O— P 



-COOH ; N n • -SOjH • -S0 2 H . -P— OH . -P— OR . -O— P— OH . — O — P — OR . 



J)H * J>H <!)H 



where R is an alkyl or aryl group; at least one polymerizable monomer without any acidic group with a polymerizable 
group selected from the group consisting of an acrylate, a methacrylate, and a vinyl group; and a hydroperoxide com- 
pound with at least one hydroperoxide group attached to a tertiary carbon; and a finely divided filler. 
[001 3] I n another embodiment the composition is a two-part powder/liquid. The powder contains at least a substituted 
thiourea selected from the group consisting of 1 -(2-pyridyl)-2-thiourea and 1-(2-tetrahydrofurfuryl)-2-thiourea; and a 
finely divided filler. The liquid contains at least one acidic compound containing at least one acidic moiety selected 
from the group consisting of 



-COOH ; x o • -S0 3 H ■ -SO2H . -t— OH . -jf — OR . 

6h oh 




where R is an alkyl or aryl group; at least one polymerizable monomer/oiigomer without any acidic group where the 
polymerizable group is selected from the group consisting of an acrylate : a methacrylate, and a vinyl. group; and a 
hydroperoxide compound with at least one hydroperoxide group attached to a tertiary carbon. 
[0014] These and other advantages will be apparent in light of the following detailed description and examples. 

Detailed Description of the Invention 

[0015] A dental composition which etches, primes, and cements in one step, and is shelf stable, is disclosed. The 
composition can be used as a restorative dental composition, an endodontic composition, and an orthodontic compo- 
sition, and has the following components: 

(a) at least one acidic compound containing at least one acidic moiety selected from the group consisting of 
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SfJ hydroperoxide compound with at least one hydroperoxide group attached to a tertiary carbon, 
position incorporating this seif-cure inrtiator system not (for exa mple, five 

lo;? 9 r^e r °m U e P thod for using the inventive composKion inciudes mixing the two , parts of the ^ 

iSo] ""Po" component (a), any acidic compound with at .east one acidic group se.ected from the group consisting 
of following can be used: 
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maleic anhydride, trimellitic anhydride, 4-methacryloxyeihyrtrimellitic anhydride (4-META), any addition product of mo- 
no- or di-anhydride compound with a hydroxyalkyimethacrylate compound such as PM-HEMA (addition product of 
pyromellitic acid anhydride and 2-hydroxyethyl methacrylate), PM-GDM (addition product of pyromeliitic acid anhydride 
and glycerol dimethacrylate) : BTDA-HEMA (addition product of S^'A^-benzophenonetetracarboxylic dianhydride and 

5 hydroxyethyl methacrylate), and PA-HEMA (addition product of phthalic anhydride and hydroxyethyl methacrylate), 
MA-GDM (addition product of maleic anhydride and glycerol dimethacrylate), sulfuric acid, alkyl sulfonic acid, aromatic 
sulfonic acid, alkyl sulfinic acid, aromatic sulfinic acid, phosphoric acid, pyrophosphoric acid, monoalkyl phosphate, 
dialkyl phosphate, aryl alkyl phosphate, aryl phosphate, phenyl-P (phenyl methacryloxyethyl phosphate), glyceryld- 
imethacrylate phosphate (GDM-P), pentaerithritol triacrylate phosphate (PENTA-P), methacryloyloxydecyl phosphate 

10 (MDP) : hydroxyethylmethacrylate phosphate (HEMA-P), bis(hydroxyethylmethacrylate) phosphate (bis(HEMA)-P), 
and combinations thereof. 

[0022] In specific embodiments, acidic compounds are those having at least one acidic group and at least one eth- 
ylenically unsaturated moiety selected from the group consisting of an acrylate, a methacrylate, and a vinyl group, so 
that it can copolymerize with other monomers. Examples of acidic compounds having at least one acidic group and at 

15 least one ethylenically unsaturated moiety include, but are not limited to, (rneth)acrylated poly(acrylic acid), (meth) 
acrylated poly(acrylic acid) copolymer such as (meth) aery lated poly(acrylic acid-maleic acid) copolymer and (meth) 
acrylated poly(acrylic acid-maleic acid-itaconic acid) copolymer, 4-META, PM-GDM, PM-HEMA, BTDA-HEMA, PA-HE- 
MA, MA-GDM, phenyl-P, GDM-P, PENTA-P, MDP, HEMP-R and Bis(HEMA)-P. In other embodiments, acidic com- 
pounds are those having at least one phosphate group and at least one ethylenically unsaturated moiety selected from 

20 the group consisting of an acrylate, a methacrylate, and a vinyl group, so that it can copolymerize with other monomers. 
Examples of acidic compounds having at least one phosphate group and at least one ethylenically unsaturated moiety 
include, but are not limited to, phenyl-P, GDM-P, PENTA-P. MDP, HEMP-P, and Bis (HEM A)- R 

[0023] In one embodiment, the concentration of the total acidic compound or compounds -is at least 10% (w/w) in 
the overall composition (excluding filler and solvent). In another embodiment, the concentration of the total acidic 
. 25 compound or compounds is at least 15% (w/w) in the overall composition (excluding filler and solvent). In another 
embodiment, the concentration of the total acidic compound or compounds is at least 20% (w/w) in the overall com- 
position (excluding filler and solvent). 

[0024] For component (b), at least one polymerizable monomer without any acidic group can be used. A polymeriz- 
able monomer includes any monomer having at least one ethylenically unsaturated moiety selected from the group 

30 consisting of an acrylate, a methacrylate, and a vinyl group. In specific embodiments, the ethylenically unsaturated 
group is selected from acrylate and methacrylate groups. Examples of polymerizable monomers include, but are not 
limited to, the following: hydroxyethyl (meth)acrylate {(meth)acrylate = acrylate or methacrylate}, hydroxypropyl (meth) 
acrylate, hydroxybutyl (meth)acrylate; glycerol dl(meth)acrylate, glycerol mo no (meth) aery late, methyl (meth)acrylate, 
ethyl (meth)acrylate, propyl (meth) acrylate, butyl (meth) acrylate, hexyl (meth) aery late, octyl (meth)acryiate, lauryl 

35 (meth)acrylate, decyl (meth) aery late, tridecyl (met h)acry late; 2-ethoxyethyl (meth)acrylate, 2'-ethoxy-2-ethoxyethyl 
(meth)acrylate, ethyleneglycol di (meth) aery late, diethyleneglycol di(meth)acrylate, triethyleneglycol di (meth) acrylate 
(TEGDMA), tetraethyleneglycol di(meth)acrylate, polyethyleneglycol mono-(meth)acrylate, polyethyleneglycol 
di-(meth)acrylate, polypropyleneglycol mono-(meth)acrylate, polypropyleneglycol di-(meth)acrylate, polytetramethyl- 
eneglycol mono-(meth)acrylate s polytetramethyleneglycol di-(meth)acrylate, hexanediol di(meth)acryiate, trimethyloyl- 

40 propane tri(meth)acrylate; UDMA (reaction product of 2-hydroxyethyl methacrylate with 2,4,4 -trimethylhexane diiso- 
cyanate), 2,2-bis[4-(2-hydroxy-3-methacryloylpropoxy)-phenyl]-propane (Bis-GMA), ethoxylated bisphenol A dimeth- 
acrylate (EBPADMA-n where n = total number of moles of ethylene oxide in the molecule, as only one example n = 
2-20 units) in tetrahydrofurfuryl (meth)acrylate, or mixtures thereof. 

[0025] For component (c), a substituted thiourea selected from the group consisting of 1 -(2-pyridyl)-2-thiourea and 
45 l-(2-tetrahydrofurfuryl)-2-thiourea is used. In one embodiment, 1 -(2-pyridyl)-2-thiourea is used. In one embodiment 
the concentration of total substituted thiourea(s) is in the range of about 0.01 % (w/w) to about 10.0% (w/w) of the 
overall composition. In another embodiment, the concentration is in the range of about 0.1 % (w/w) to about 3.0% (w/ 
w) of the overall composition. 

[0026] For component (d), any hydroperoxide compound with at least one hydroperoxide group attached to a tertiary 
so carbon can be used. The hydroperoxide compound can contain more than one hydroperoxide group. Examples of 
hydroperoxide compounds include, but are not limited to, t-butyl hydroperoxide, t-amyl hydroperoxide, p-diisopropyl- 
benzene hydroperoxide, cumene hydroperoxide, pinane hydroperoxide, p -methane hydroperoxide, and 1 , 1,3,3 -tetram- 
ethylbutyl hydroperoxide. The concentration of total hydroperoxide compound(s) is in the range of about 0.01% (w/w) 
to about 10.0% (w/w) of the overall composition. In one embodiment, it is in the range of about 0.1 % (w/w) to about 
55 5.6% (w/w) of the overall composition. The above mentioned hydroperoxides are stable under acidic condition and 
have a long shelf-life. 

[0027] The self-cure initiator, using the combination of the above described substituted thiourea and the hydroper- 
oxide compound, is used in a two-part self-adhering self-cure dental composition (i.e. curing without the activation of 
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corporated into separate parts of the composition. If the substituted thiourea ,s microencapsulated, .t may be .ncorpo 
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S£T Anient can also be incorporated into the inventive composition. Useful solvents include water, methane,, 
ethanol, isopropanol, acetone, ethylene glycol, glycerin, and methyl ethyl ketone (MEK). _ tabilizere uv 

mo34l other inaredients can also be incorporated into the inventive compos.t.on, such as colorants, stabilizes uv 

sorbers improve the color stability of the restorative material upon exposure to U V light. An example 
is 2-hydroxy-4-methoxybenzophenone (UV-9). 
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[0035] The inventive composition of can be a powder/liquid configuration (one part is in powder form and the other 
is in liquid form), a liquid/liquid configuration (both parts are in liquid form), and paste/paste configuration (both parts 
are in paste form). 

[0036] An example of a paste/paste two-part self-adhering dental composition is a first paste comprising one or more 
polymerizable monomer, a substituted thiourea such as 1 -(2-pyridyl)-2 -thiourea, and one or more finely divided fillers; 
and a second paste comprising an acidic compound, a hydroperoxide, one or more non-acidic polymerizable monomer, 
and one or more finely divided fillers as a minimum. A photo-initiator can also be incorporated. In some embodiments 
the acidic compound is a polymerizable monomer. The two parts are mixed just prior to application, applied to a dental 
substrate, and hardened inside a patient's mouth by self-curing or the combination of self-curing or light-curing. A 
solvent may be optionally incorporated into either paste. If the substituted thiourea is microencapsulated, both the 
substituted thiourea and the hydroperoxide catalyst can be incorporated into either paste, and may be incorporated 
into the same paste. 

[0037] An example of a powder/liquid two-part self-adhering dental composition is a first part of a powder blend 
comprising a substituted thiourea such as 1 -(2-pyridyl)-2-thiourea, and one or more finely divided fillers; and a second 
part of a liquid mixture comprising an acidic compound, a hydroperoxide, one or more non-acidic polymerizable mon- 
omer. A photo-initiator can also be incorporated. In one embodiment; the acidic compound is a polymerizable monomer. 
The two parts are mixed just prior to application, applied to a dental substrate, and hardened inside a patient's mouth 
by self-curing or the combination of self-curing and light-curing. A solvent may be optionally incorporated into the liquid. 
[0038] An example of a liquid/liquid two-part self-adhering dental composition is a first liquid mixture comprising one 
or more polymerizable monomers, a substituted thiourea such as 1-(2~pyridyl)-2-thiourea, and optionally a solvent such 
as ethanol; and the second liquid mixture comprises an acidic compound, a hydroperoxide, one or more non-acidic 
polymerizable monomers, and optionally a solvent such as acetone, ethanol, and/or water. A photo-initiator can also 
be incorporated. The acidic compound in one embodiment is a polymerizable monomer and/or a polymerizable polymer 
such as (meth)acrylated homopolymer or copolymer of an a,p-unsaturated carboxylic acid. The two are mixed just 
prior to application, applied to a dental substrate, and hardened inside a patient's mouth by self-curing or the combi- 
nation of self-curing and light-curing. 

[0039] The inventive composition is used in formulating restorative materials, such as a filling material, a cement, a 
base/liner, a pit/fissure sealant, a primer, or an adhesive. The inventive composition is ajso used in formulating ortho- 
dontic materials, such as an orthodontic primer, adhesive, and cement. The inventive composition is also used in 
formulating endodontic materials such as an endodontic primer, adhesive, cement, sealing or filling material. 
[0040] Use of the shelf-stabje two-part self-adhering dental composition as described involves mixing the two parts 
prior to application, applying the mixed composition to a dental substrate such as dentine, enamel, dental metal alloy 
and porcelain, and hardening the mixture either by self-curing or the combination of self-curing and photo-curing. The 
bond strength of the mixed composition to a dentine substrate is at least 3 MPa in one embodiment, and is at least 5 
MPa in another embodiment. Mixing of the two parts can be achieved by any mixing means, including hand mixing 
using a spatula, a mixing stick, or a brush; mixing by an automated mixing device such as an amalgamator, wherein 
the composition is contained in a capsule and the two parts are separated by a membrane or film; or by using a static 
mixer attached to the openings of a dual syringe assembly. Use of a static mixer attached to a dual syringe assembly 
may be used with a two-part paste/paste composition, with each syringe containing one paste. 
[0041 ] The two parts can be mixed in any weight ratio as long as the mixed material can set within about thirty min utes 
after the mixed material is applied to the dental substrate. 

[0042] The following examples illustrate how the current invention is applied and do not limit the scope of the inven- 
tion. 

Examples 

[0043] Only two-part dual-cure self-adhering cement compositions were formulated and tested in the following ex- 
amples. Other configurations such as self-cure vs. dual-cure; filled vs. unfilled; cement vs. filling material, liner/base, 
primer or adhesive; composite resin vs. hybrid material such as compomer or resin-modified glass-ionomer can be 
easily obtained by incorporating different curing initiators (self-cure initiator or a combination of self-cure initiator and 
photo-initiator), filler type (reactive filler and/or non-reactive filler with acid), and viscosity (varying filler concentration, 
solvent). 

[0044] The following abbreviations are used in all examples: 
ATU: 1 -acetyl-2-thiourea 

Barium Glass: bariumaluminoborosilicate filler that has an mean particle size of 1 .0 micron and its surface was 

treated with MPTMS 
BHT: 2,6-di-(terf-butyl)-4-methylphenol 
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Bis-GMA: 
BPO: 
CHP: 
CQ: 

DHEPT: 

DMAPE: 

EBPADMA-4: 

EDMAB: 

ETMPTA: 

GDM: 

GDM-P: 

HEMA: 

MEHQ: 

MHP: 

MPTMS: 

PA-HEM A: 

PHP: 

PTU: 

Sr/Zn FAS Glass: 

ST-OX-50: 

PEG-400 DMA: 

TAHP: 

TEGDMA: 

TMBHP: 

TS-530: 

UDMA: 



2,2-bis[4-(2-hydroxy-3-methacryloylpropoxy)-pheny)]-propane 

benzoyl peroxide 
cumene hydroperoxide 
camphoroquinone 
N,N-Dihydroxyethy!-p-toluidine 
4-(dimethylamino)phenethyl alcohol. 

ethoxylated bisphenol A dimethacrylate with 4 moles of ethylene oxide 
ethyl 4-(N,N-dimethylamino) benzoate 

ethoxylated trimethylolpropane triacrylate with 3 moles of ethylene oxide 

glyceryldimethacrylate 

glyceryldimethacrylate phosphate 

hydroxyethyl methacrylate 

4-methoxyphenol 

p-methane hydroperoxide 

7-methacryloyloxypropyltrimethoxysilane 

addition product of phthalic anhydride and hydroxyethylmeth aery late (HEMA) 
pinane hydroperoxide 
1 -(2-pyridyl)-2-thiourea 

strontiumzincfluoroaluminosilicate glass that has an mean particle size of 4.0 microns and its 

surface was treated with MPTMS. 

fumed silica OX-50 surface treated with MPTMS 

polyethyleneglycol-400 dimethacrylate 

t-amyl hydroperoxide 

triethyleneglycol dimethacrylate 

1,1 ,3,3-tetramethylbutyl hydroperoxide 

surface treated fumed silica or colloidal silica sold by Cabot Corp. 

reaction product of 2-hydroxyethyl methacrylate with 2,4,4-trimethylhexane diisocynate 
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EXAMPLE 1 (Comparative Example) 

[0045] The following adhesive cement formulas comprising base paste (B-1) using DHEPT as an activator and cat- 
alyst pastes (C-1 & C-2) using benzoyl peroxide (BPO) as catalyst were made for comparison purposes. Acidic mon- 
omer GDM-P was incorporated in the catalyst paste C-2 while GDM-P was replaced with non-acidic monomer GDM 

in catalyst paste C-1 . ^ ♦ 

[0046] In making all the pastes in this and the following examples, first all the monomers and any ingredients soluble 
in the resin mixture were mixed together to make a homogeneous liquid mixture, and the then the fillers (TS-530, 
ST-OX-50, Sr/Zn FAS Glass, or Barium Glass) were blended into the liquid mixture to make the paste. For testing set 
time in all the examples, the base and catalyst pastes were mixed in 1 :1 ratio (weight). 





B-1 


BisGMA 


8.65 


UDMA 


7.22 


PEG-400 DMA 


4.33 


ETMPTA 


2.89 


HEMA 


5.77 


CQ 


0.09 


MEHQ 


0.014 


DMAPE 


0.13 


DHEPT 


0.41 


TS-530 


3.00 


ST-OX-50 


4.72 


Sr/Zn FAS Glass 


52.78 
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BisGMA 


6.56 


6.56 


GDM 


16.40 


- 


GDM-P 


— 


16.40 


HEMA 


6.56 


6.56 


ETMPTA 


3.27 


3.27 


BHT 


0.05 


0.05 


BPO 


0.66 


0.66 


TS-530 


2.00 


2.00 


ST-OX-50 . 


3.22 


3.22 


Barium Glass 


61.28 


61.28 



15 

[0047] The self-cure initiator system comprising DHEPT and BPO pair is currently used in most dental resin cement 
formulations that contains no strongly acidic compound or monomer. CQ and DMAPE constitute a photo-initiator system 
although DMAPE also functions as a co-activator for a self-cure initiator. When catalyst paste C-1 containing no acidic 
monomers was mixed with base paste B-1 for 30 seconds using a spatula, the mixed material hardened or set after 2 
20 minutes 41 seconds (2*41"). However, when freshly prepared catalyst paste C-2 containing acidic monomer GDM-P 
was mixed with base paste B-1 , the mixed material failed to harden within 30 minutes. This could be caused by the 
instability of BPO under acidic condition and also quick loss of efficacy of DHEPT upon exposure to acidic monomer 
GDM-P. Therefore, the acidic adhesive cement using traditional self-cure initiator had no shelf-life and would not setup 
upon mixing of freshly prepared base and catalyst pastes. 

Example 2 

[0048] A catalyst paste (C-3) similar to C-2 in Example 1 was made by replacing BPO with cumene hydroperoxide 
(CHP) as the catalyst. 



35 





C-3 


BisGMA 


6.45 


GDM-P 


16.13 


HEMA 


6.45 


ETMPTA 


3.23 


BHT 


0.05 


CHP 


1.19 


TS-530 


2.00 


ST-OX-50 


3.22 


Barium Glass 


61.28 



Two base pastes (B-2 and B-3) similar to B-1 in Example 1 were made by replacing DHEPT with 1-acetyl-2-thiourea 
(ATU) and 1 -(2-pyridy l)-2 -thiourea (PTU) respectively. 
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B-2 


B-3 


BisGMA 


8.65 


8.65 


UDMA 


7.22 


7.22 


PEG400DMA 


4.33 


4.33 


ETMPTA 


2.89 


2.89 


HEMA 


5.77 


5.77 


CQ 


0.09 


0.09 


MEHQ 


0.014 


0.014 


DMAPE 


0.13 


0.13 


ATU/PTU 


0.41 (ATU) 


0.41 (PTU) 


TS-530 


3.00 


3.00 
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(continued) 





B-2 


B-3 


irrox-50 

Sr/Zn FAS Glass 


4.72 
62.78 


4.72 
62.78 



10 



15 



20 



SrT t^tAd aaainst catalyst C-3 (stored at 37 C) 




Base B-2 (ATU) 


Base B-3 (PTU) 


Initial 

1 week 

2 weeks 

3 weeks 


4'21" 
9'00" 
11 '42" 
20*15" 


3'28" 
3*40" 
4'50" 
5'18 w 


4 weeks 

5 weeks 


^ >35 > 00 H 


9'50" 



25 



30 



35 



40 



45 



50 



55 



still set within 10 minutes after five weeks of ag.ng. 

^^^^ . ,r a and C 5> were made using p-methane hydroperoxide (MHP) as the catalyst. 



BisGMA 

GDM-P 

HEM A 

ETMPTA 

BHT 

Water 

MHP (55% active ingredient) 

TS-530 

ST-OX-50 

Barium Glass 



C-4 


C-5 


6.34 


6.03 


15.82 


15.08 


6.34 


6.03 


3.17 


3.02 


0.05 


0.05 




1.51 


1.78 


1.78 


2.00 


2.00 


3.22 


3.22 


61.28 


61.28 



prcpreapastes mi «««™« ^'X c .t»M osstes ^ aged at 37-0. 



Set Time 


C-4 


C-5 


Initial 


3*36" 


4'05" 


1 week 


3'49" 


4' 18" 


2 weeks 


4'53" 


3'42" 


3 weeks 


6*40" 


4'36 H 


4 weeks 


6'52" 


5'10" 
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(continued) 



Set Time 


C-4 


C-5 


5 weeks 

6 weeks 


7'12 M 


6'30" 



Again, shetf-stable adhesive cement systems were obtained utilizing self-cure initiator system comprising PTU and 
MHP (a hydroperoxide). Incorporation of water made the catalyst paste (C-5) slightly more stable. 

EXAMPLE 4 

[0050] Two more catalyst pastes (C-6 and C-7) were made using 1 ,1 ,3,3-tetramethylbutyl hydroperoxide (TMBHP) 
and t-amyl hydroperoxide (TAHP) respectively. 



15 



20 



25 





C-6 


C-7 


BisGMA 


6.23 


6.23 


GDM-P 


19.67 


19.67 


HEMA 


4.59 


4.59 


ETMPTA 


2.30 


2.30 


BHT 


0.05 


0.05 


TMBHP/TAHP 


0.66 (TMBHP) 


0.66 (TAHP) 


TS-530 


2.00 


2.00 


ST-OX-50 


3.22- 


3.22 


Barium Glass 


61.28 


61 .28 



A base paste (B-4) using PTU was made to test above two catalyst pastes. 



40 





B-4 


BisGMA 


8.71 


UDMA 


7.26 


PEG400DMA 


4.36 


ETMPTA 


2.90 


HEMA 


5.81 


CQ 


0.09 


MEHQ 


0.015 


DMAPE 


0.13 


PTU 


0.72 


TS-530 


3.00 


ST-OX-50 


4.69 


Sr/Zn FAS Glass 


62.31 



45 

The initial set time as well as the set time after aging was listed in the following table. The catalyst pastes was stored 
at 37°C and the base paste was stored at room temperature. 



50 



Set Time 


C-6 (TMBHP) 


C-7 (TAHP) 


Initial 


3'10" 


4'20" 


1 week 


4'40" 


5'26 H 


2 weeks 


4'52" 


S^O" 


3 weeks 


5'00" 


6'55" 


4 weeks 


5'20" 




5 weeks 


5'16" 


6'40 n 


6 weeks 


5'35" 


7'00" 
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Again shelf-stable adhesive cement systems were obtained uti.izing self-cure initiator system comprising PTU as the 
activator and a hydroperoxide (TMBHP orTAHP) as catalyst. 

EXAMPLE 5 

[0 051] A base paste B-5 using PTU and a catalyst paste C-8 using pinane hydroperoxide (PHP) catalyst and two 
acidic monomers (GDM-P and PA MA) were made. 



10 



15 



20 





B-5 


BisGMA 


8.40 


UDMA 


8.40 


HEMA 


11.21 


CQ 


0.08 


MEHQ 


0.015 


PTU 


0.39 


TS-530 


3.00 


ST-OX-50 


4.80 


Sr/Zn FAS Glass 


63.70 



30 



35 



40 



45 



50 





C-8 


GDM-P 


19.67 


HEMA 


6.55 


PA-HEM A 


6.55 


BHT 


0.05 


CHP 


0.59 


PHP (55% active ingredient) 


0.59 


TS-530 


2.00 


ST-OX-50 


3.20 


Barium Glass 


60.80 



[0 05 2] Whenmixedat1:i ra tio(weight),thea^ 

ests to a dentine substrate were conducted using the above b^e a^d catajys ^P^swl direct." applied to the 
dentine surface was polished with 600 gr.t S,C paper. The m ^*™?*^gZ£ (Mode , 4467) in shear mode 
dentine surface and bond strength was determined us.ng an In «™£Z^™£^ chambe r (85% -90% 

a dentine bond strength of 5.83 MPa (average of 7 spec.mens). 
EXAMPLE 6 

r 0 0531 A base paste B-6 using PTU and acatalyst paste C-9 using 11 ,3,3-tetramethylbutyl hydroperoxide (TMBHP) 
Sne^ydroperoxide (CHP) catalysts and acidic monomers GDM-P were made. 



55 





B-6 


UDMA 


22.00 


SR-454 


5.50 


CQ 


0.17 


MEHQ 


0.010 


EDMAB 


0.28 


PTU 


0.54 


TS-530 


3.00 


ST-OX-50 


4.80 
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B-6 


Sr/Zn FAS Glass 


63.70 



10 



15 



20 



25 



30 



35 



40 





C-9 


BisGMA 


4.86 


GDM-P 


14.24 


HEMA 


5.82 


GDM 


4.21 


SR-454 


3.24 


BUT 


0.05 


TMBHP 


0.54 


CHP 


0.54 


TS530 ' 


2.00 


ST-OX-50 


3.23 


Barium Glass 


61.28 



[0054] When mixed at a 1 :4 (base:catalyst) ratio (weight), the above base and catalyst pastes had a set time of 5*48". 
Bonding strength tests to dentine substrate were conducted using the above base and catalyst pastes (self-adhering 
cement) using 1:4 (base:catalyst) ratio (by weight). The curing was self-cure only (no light-curing). The mixed self- 
adhering cement paste had a dentine bond strength of 9.28 MPa (average of 6 specimens). 

[0055] The above examples demonstrate the usefulness of the self : cure initiator system comprising disclosed sub- 
stituted thioureas as the activator and a hydroperoxide as the catalyst in formulating shelf-stable two-part acidic ad- 
hesive dental cement compositions. The substituted thiourea/hydroperoxide self-cure initiator system offers improve- 
ments over currently used self-cure initiator systems. 

. [0056] The inventive dental compositions can be used as a dental restorative composition, an endodontic composi- 
tion, and an orthodontic composition. Useful restorative composition of current invention could be a dental filling ma- 
terial, a cement, a liner, a base, a pit/fissure sealant, a primer, or an adhesive composition. Useful endodontic compo- 
sition could be an endodontic sealing and/or filling composition forthe sealing and filling a root canal; also a endodontic 
primer, adhesive or cement for post cementation. Useful orthodontic composition could be an orthodontic adhesive or 
cement composition for adhering an orthodontic appliance to tooth surfaces. . 

[0057] Other variations or embodiments of the invention will also be apparent to one of ordinary skill in the art from 
the above descriptions and examples. Thus, the forgoing embodiments are not to be construed as limiting the scope 
of this invention. 



Claims 



1. A dental composition comprising 
45 (a) at least one acidic compound containing at least one acidic moiety selected from the group consisting of 



50 



-COOH ; 



-SOjH . -S0 2 H . 



J-OH 



-f— OR . — O— ^— OH 
OH OH 



-O-i— OR . 

in • 



55 



where R is an alkyl or aryl group; 

(b) at least one polymerizable monomer without any acidic group where the polymerizable group is selected 
from the group consisting of an acrylate, a methacrylate and a vinyl group; 
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(c) a substituted thiourea selected from the group consisting of 1 -(2-pyridyl)-2-thiourea and 1 -(2-tetrahydrof ur- 
furyl)-2-thiourea; and 

(d) a hydroperoxide compound with at least one hydroperoxide group attached to a tertiary carbon; 
the composition being a shelf-stable two-part self-adhering composition. 

2. The dental composition of claim 1 wherein a total concentration of the at least one acidic compound is selected 
from the group consisting of at least 1 0% (w/w), at least 15% (w/w), and at least 20% (w/w). 

3. The dental composition of claim 1 further comprising at least one component selected from the group consisting 
of a finely divided filler, a photo-initiator, a stabilizer, a solvent, and combinations thereof. 

4 The dental composition of claim 3 wherein a total concentration of the at least one acidic compound, excluding a 
filler and a solvent, is selected from the group consisting of at least 10% (w/w), at least 15% (w/w), and at least 
20% (w/w). 

5. The dental composition of any preceding claim wherein a first part of the two-part composition comprises the 
substituted thiourea and a second part of the two-part composition comprises the hydroperoxide compound. 

6. The dental composition of any one of claims 1 to 4 wherein a first part of the two-part composition comprises a 
microencapsulated substituted thiourea and a hydroperoxide compound. 

7. The dental composition of any preceding claim wherein the two-part composition is selected from the group con- 
sisting of a paste/paste two-part composition, a liquid/liquid two-part composition, and a powder/liquid two-part 
composition. 

8. The dental composition of any preceding claim wherein the two-part composition is selected from the group con- 
sisting of a filling material, a cement, a liner/base, a pit/fissure sealant, a primer, and an adhesive composition. 

9. The dental composition of claim 1 wherein the two-part composition is a composition, the first paste comprising 
(b), (c) and a finely divided filler, and the second paste comprising (a) : (b), (d) and a finely divided filler. 

10. The dental composition of claim 9 wherein the composition is a filling material, a cement, a liner/base, a pit/fissure 
sealant, or an adhesive composition. 

11 . The dental composition of either claim 9 or claim 1 0 wherein each part of the two-part composition is packaged in 
a syringe. 

12. The dental composition of either claim 9 or claim 1 0 wherein each part of the two-part composition is packaged in 
each syringe in a dual syringe assembly. 

13. The dental composition of claim 12 wherein each syringe in the dual syringe assembly has an opening and a static 
mixer is attached to the openings and provides a homogenous mixture upon dispensing the mixed composition 
from an exit opening of the mixer. 

14. The dental composition of claim 1 wherein the two-part composition is a powder/liquid composition, the powder 
comprising (c) and a finely divided filler, and the liquid comprising (a), (b) and (d). 

15. The dental composition of any one of claims 9 to 14 further comprising at least one component selected from the 
group consisting of a photo-initiator, a stabilizer, a solvent, and combinations thereof. 

16. The dental composition of either claim 3 or claim 15 wherein the filler is selected from the group consisting of 
inorganic metal, salt, oxide : nitride, silicate glass, aluminosilicate glass, aluminoborosilicate glass, fluoroalumino- 
silicate glass, quartz, colloidal silica, precipitated silica, zirconia-silica, polymeric silica, polymeric filler, polymerized 
composite filler with inorganic particles, and combinations thereof. 

17. The dental composition of claim 16 wherein metals, salts, oxides, silicate glass, aluminosilicate glass, aluminoboro- 
silicate glass, and fluoroaluminosilicate glass contain an element selected from the group consisting of Sr, Y, Zr, 
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Ba, La, Hf, Zn, Bi, W, rare earth metals, and combinations thereof. 

18. The dental composition of any one of claims 3 to 1 5 or 1 7 wherein the solvent is selected from the group consisting 
of water, methanol, ethanol, isopropanol, acetone, ethylene glycol, glycerine, methyl ethyl ketone, and combina- 



19. The dental composition of any preceding claim wherein the acidic compound is a polymerizable monomer/polymer 
with at least one ethylenically unsaturated group selected from the group consisting of an acrylate, a methacrylate, 
and a vinyl group. 

20. The dental composition of claim 19 wherein the acidic polymerizable monomer contains an acidic moiety selected 
from the group consisting of 



21 . The dental composition of claim 1 9 wherein the acidic polymerizable monomer is selected from the group consisting 
of HEMA-P, GDM-P, Bis(HEMA)-P, MDP, phenyl-P, and PENTA-P. 

22. The dental composition of any preceding claim wherein the hydroperoxide compound is selected from the group 
consisting of t-butyl hydroperoxide, t-amyl hydroperoxide, p-diisopropylbenzene hydroperoxide, cumene hydroper- 
oxide, pinane hydroperoxide, p-menthane hydroperoxide, 1 ,1 ,3,3-tetramethylbutyl hydroperoxide, and combina- 
tions thereof. 

23. The dental composition of any preceding claim, wherein the two-part composition is a restorative composition, an 
orthodontic composition, or an endodontic composition. 

24. The dental composition of any preceding claim wherein following mixing of the two parts, application of the mixed 
composition to a dental substrate, and hardening of the mixed composition by a method selected from the group 
consisting of self-curing or a combination of self-curing and photo-curing, the bond strength of the mixed compo- 
sition to dentine substrate of at least 3 MPa. 

25. The dental composition of any preceding claim wherein the mixed two-part composition has a setting time less 
than about 20 minutes. 

26. The dental composition of any preceding claim wherein the mixed two-part composition has a setting time less 
than about 10 minutes. 

27. The dental composition of any preceding claim wherein the mixed two-part composition has a setting time less 
than about twenty minutes after aging of each of the two parts for at least five weeks at 37°C. 



tions thereof. 
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